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A guide to $271 revision 


WARNING The purpose of this Guide is explained 
in detail in the audiocassette sequence “The $271 
examination’ on Tape 4. You should NOT try to use 
this Guide until you have listened to this sequence. 


Unit 1 Surveying the Universe: an example of physical 
enquiry 

Use of simple trigonometry in the measurement of the distance 
of a planet from the Earth. 

Inverse square law for apparent luminosity. 

Parallax method. 

Doppler effect. 

Colour—luminosity correlation (Hertzsprung—Russell dia- 
gram). 

Period—luminosity correlation for Cepheids. 

Hubble’s law (v = Hr). 


Unit 2 Describing motion 

Graphical representations of motion (distance versus time 
graphs etc.). 

Constant acceleration equations 

1 2 


(e.g. v, = ü, + a,t S =u,t + 3a, 


De =e Dass): 


= dy 
The notation —. 
dx 


Simple projectile problems. 
Circular motion: 


2 
( = or, T=2n/o, f = 1/T, a = — 5 () = ~or) 


r 


Unit 3 Dynamics—forces, energy and motion 

Newton’s laws of motion, including F = ma = ae where 
p= 19, and Fo = =F. a 
Weight mg. 

Law of conservation of momentum. 

Law of conservation of energy. 


Kinetic-energy (E,;, = 4mv’). 
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Energy transfer (AE = F-s = Fs cos 8). 

Gravitational potential energy (E,,,, = mgh). 

Hooke’s law (F = ks). 

Strain energy E,,, = łks? for a spring that obeys Hooke’s 
law. 

Power (P = F<). 

Simple problems on elastic and inelastic collisions. 

The concept of centre of mass. 


Moment of inertia (: => mr} 


t 
Rotational motion (E,,, = 410°). 


Centripetal force. 


Unit 4 Equilibrium, stability and gravitation 


Conditions for mechanical equilibrium 


(ZF =0 and Zr, =o} 


Torque (F = r x F). 

Simple problems about objects on inclined planes. 
Dynamic and static friction (fg = y4F | and f; max = Hs F1). 
Levers. 


Newton’s law of universal gravitational attraction 


r r 
dE 


Force-potential energy relationship (es F,=—- Te), 
x 


Angular momentum—of a particle (L= r x p). 
—of a rigid body (L = Ia). 
Law of conservation of angular momentum. 
dL 


Torque—angular momentum relationship (r = $) 


Unit 5 Mechanics revision 


This is a revision Unit, so it contains no new ideas and 
formulae. However, you should be familiar with all the 
material covered in this Units important audiovision 
sequence, which is entitled “Vectors in perspective’. 
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Unit 6 Electrostatics 


1 r 
Coulomb’s law (in free space, Fa = —— am o) 
4neo r° \r 


Electrostatic potential energy 


1 
(in free space, E,, = E (2) 
o 


ee mme), 
r 


grav — 


Gravitational potential energy (z 
è F, el 
The field concept, electric field | &(r) = = F 


E 
Electrostatic potential (vo z a0) 
q 


Electric field-electrostatic potential relationship 


dv 
e262 = a7 = "i 


Field lines and equipotential lines. 


Unit 7 Currents and circuits 


: ( 2) 
Electric current | i = — 
dt 
Ohm’s law (V = iR). 
Electrical power (P = iV). 
Kirchoff’s laws. 


Series resistances (Resp = Ri + Ra + R3 +-->) 


i= 1-1-1 
= 7 = + 4 + eee 
Parallel resistances ( = hn 


Capacitance C = q/V 


Exponential decay 
(e.g. of charge on a capacitor plate q = qge_ "®9). 


Energy storage in capacitors (E = 4qV). 


Unit 8 Electrodynamics 


The magnetic field B. 


The magnetic field due to: 
a current-carrying loop 
a cylindrical solenoid 
a toroidal solenoid 


a long, straight current-carrying wire 


Hoi 
B=}. 
set) 


The force acting on a long, straight, current-carrying wire 
in a magnetic field (F = i(l x B)). 
Lorentz force rule (F = q(€ + v x B)). 


Motion of charged particles in uniform and non-uniform 
electric and magnetic fields. 


Magnetic flux ( = BA cos 8). 
Induced currents—Lenz’s law and Faraday’s law 


`. ldë 
i = — — }. 
R dt 


Maxwell’s equations (in words). 


Units 9 and 10 Vibrations and waves 


Simple harmonic motion (r x= —kx,T =2n m 


Damped vibrations, forced vibrations and resonance. 


Travelling waves 


. juz 2nt 
— A, = — = i 
( JARENE sn} 7 \ Xe aNe sinf 7 N. 


Standing waves (A = 2L/n). 

Principle of superposition. 

Nature of sound-waves and of electromagnetic waves. 
Intensity of waves (I oc (amplitude)*, I oc r~). 
Diffraction (nA = d sin 6,). 

Huygens’ principle. 


Unit 11 Temperature and heat: towards a microscopic 
explanation 

Definition of the absolute and Celsius temperature scales. 
Specific heat (Q = McAT). 

Specific latent heats of fusion and evaporation. 

Pressure of a gas. 

Ideal-gas law (PV = nRT). 

The assumptions of the kinetic theory of gases. 

Mean kinetic energy of an ideal-gas molecule (<E,;,,> = 3kT). 
Maxwell—Boltzmann distribution. 

Heating, working and internal energy. 


Unit 12 Special relativity 


The result of the Michelson—Morley experiment. 
Inertial frames and coordinate transformations. 
The principle of relativity. 

The principle of the constancy of the speed of light. 
The role of the Lorentz transformation. 


v2 
Lorentz contraction (x = Lo /1—- 5) 


c? 
y2? 
Time dilation( 7" S 5) 
y c 


Unit 13 The beginnings of modern atomic physics 


Photons (E = hf). 

Einstein’s photoelectric equation, 4m, vax = hf — ¢, and its 
experimental verification. 

Thomson’s model and Rutherford’s model of the atom. 


The postulates that define Bohr’s model of the hydrogen atom, 
including L = nh/(2n), and the derivation of the energy levels 
of the electron in a hydrogen atom. 


Emission and absorption of radiation. 
Extension of Bohr’s model to heavy atoms. 


X-ray emission. 


Unit 14 Quantum mechanics: theory 
The Compton effect. (You are not required to remember the 
derivation of the formula for the Compton shift.) 
Wave nature of matter (Aj, = h/p). 
Heisenberg’s uncertainty principle 
(AxAp, Z h/(2n) and AEAt = h/(2n)). 
Correspondence principle. 
Wavefunctions of a particle confined in one dimension. 


The application of Schrédinger’s equation. (See the fold-out 
page at the end of the Text—there is no need to memorize 
Schrédinger’s equation.) 


Probability of detecting a particle (P œ | y | AV). 
Radial probability density (4nr?|W,(r)|7). 


Quantum numbers n, l, m, and m, specifying a quantum state 
of an electron in a hydrogen atom; degeneracy. 


Orbital angular momentum of an electron in an atom 
L = X I(l + 1)(h/2n), where l = 0, 1, 2,...,(n — 1); 
L, = m(h/2n), where m, = —I, —1 + 1,...,0,1,...,D. 


Spin angular momentum of an electron 


(S = \/s(s + 1)(h/2n), where s = 4; 


(S, = m,(h/2n), where m, = +4). 


Unit 15 Quantum mechanics: applications 


Pauli’s exclusion principle and Hund’s rule. 
Structure of the Periodic Table. 

Hartree’s method. 

Stimulated emission. 

Operation of the ruby laser. 


Tunnelling and a-decay. (N = Noe ~”) 


Unit 16 Modern physics in dying stars 


Stellar formation. 
Equilibrium conditions in stars. 
Fusion reactions and tunnelling. 


Chemical evolution of stellar cores. (You are not required to 
remember the particular fusion reactions that occur.) 


Stellar collapse. 
White dwarfs and the Pauli pressure. 
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